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Exercise-induced silent myocardial ischemia is a fre-
quent feature in patients with coronary artery disease.
The purpose of this study was to compare the clinical
and angiographic characteristics of 269 patients who
complained of chest pain during an exercise test (group
I) with those of 204 who developed exercise-induced si-
lent myocardial ischemia (group 11). Group I patients
more frequently had anginal symptoms of class III and
IV of the Canadian Cardiovascular Societythan did group
II patients, who had milder symptoms (p < 0.001). The
only angiographic difference observed between the two
groups was a slightly hut significantly higher left ven-
tricular end-diastolic pressure in group II patients (p <
0.05), who also showed a longer exercise duration (p <
0.01) with a higher heart rate-systolic pressure product
(p < 0.01) and more pronounced ST segment depression
It is known that asymptomatic myocardial ischemia may
occur during exercise stress testing in some patients with
coronary artery disease (I). The significance, however, of
ST segment changes in the absence of angina is still con-
troversial (2,3). Future coronary events were found to be
twice as frequent in subjects with angina as in those without
angina during a positive maximal treadmill stress test (4).
On the other hand, the presence of silent myocardial isch-
emia may be considered a harbinger of serious morbidity
because of a defective anginal warning system (5).
The purpose of this study was to analyze the subjective
and objective responses to exercise testing in a large series
of patients with angiographically proved coronary artery
disease and to compare the clinical and angiographic fea-
tures of patients who complained of angina during the ex-
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at peak exercise (p < 0.001). Moreover, ventricular ec-
topic beats during exercise were more frequently ob-
served in group II patients (p < 0.05).
Coronary bypass surgery was performed in 45% of
patients of group I and in 24% of patients of group II
(p < 0.05). Survival curves of medically treated patients
did not show any statistically significant difference be-
tween the two groups. Thus, although patients with a
defective anginal warning system may have more pro-
nounced signs of myocardial ischemia and a greater in-
cidence of ventricular arrhythmias during exercise, their
long-term prognosis is not different from that of patients
who are stopped by angina from the activity that is in-
ducing myocardial ischemia.
(J Am Coil Cardiol1987;9:295-9)
ercise test with those of patients who developed exercise-
induced asymptomatic myocardial ischemia.
Methods
Patient selection. This study included 473 consecutive
patients (448 men, 25 women), observed between June 1978
and December 1983, who underwent both an exercise test
and coronary arteriography and presented with the following
characteristics: I) an ischemic electrocardiographic response
of horizontal or downsloping ST segment depression of at
least 0.1 mV during exercise testing; and 2) angiographically
documented significant coronary artery disease defined as
the presence of greater than 50% narrowing of the luminal
diameter of one or more coronary arteries.
All patients were studied because of possible or definite
ischemic heart disease. Patients with congestive heart fail-
ure, associated valvular heart disease and left bundle branch
block were excluded from this study. Patients with angina
at rest associated with ST segment elevation suggestive of
variant angina were also excluded. Clinical definition of
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Table 1. Clinical Features of 473 Patients
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Men
Women
Mean age (yr)
Class III-IV angina*
Prior myocardial infarction
Hypertension
Diabetes mellitus
Group (
(n = 269)
253 (94%)
16 (6%)
56.8
161 (60%)
118 (44%)
33 (12 % )
10 (4%)
Group 1l
(n = 204)
195 (96%)
9 (4%)
52.3
24 (12%)
77 (38%)
32 ( 16%)
12 (6%)
p Value
NS
NS
NS
< O.lJO I
NS
NS
NS
*Canadian Cardiovascular Society classification. Group I = patients with positiveexercise test experiencing
angina; Group 1l = patients with positive test without angina.
severity of anginal symptomswas based on the classification
of the Canadian Cardiovascular Society.
Exercise testing. A bicycle exercise test was performed
with the patient in the supine position at an initial work load
of 25 Wand subsequent increments of 25 W every 3 min-
utes. A 12 lead electrocardiogram was taken before and at
the end of exercise and every minuteduring recovery. Leads
V4. V5 and Vn were monitored during exercise. Cuff blood
pressure was measured at 3 minute intervals. During the
test. patients were queried as to the presence of chest pain
or discomfort. Exercise was stopped when moderate to se-
vere angina, dyspnea, exhaustion or ST segment depression
greater than 3 mm occurred.
Drugtherapy, which consisted of calciumchannel block-
ers and nitrates in most patients, was suspended 12 hours
before the exercise test was performed. The dose of beta-
adrenergic blockers was graduallydecreasedand thesedrugs
werediscontinued I week before stress testing. Patientswho
were taking digitalis were not included in this study.
Angiographic study. Coronary arteriography was per-
formed within I week of exercise testing. Multiple views
of each vessel were filmed . When a lesion was noted, the
vessel was filmed again in multiple views after administra-
tion of nitroglycerin. Left ventriculography was performed
before coronary arteriography in the 30° right anterior oblique
projection. Ventricular volumes and ejection fraction were
calculated by standard area-length method.
Table 2. Exercise Testing Results
Follow-up study. Follow-up information was obtained
at 6 month intervals by a staff cardiologist during a clinic
visit. Follow-up was 98% complete. Description of the cause
and circumstance of all deaths was obtained from relatives
and physicians. Survivalcurves in medically treatedpatients
were calculated from the time of catheterization by the
Kaplan-Meier life-tablemethod (6). The outcomeeventcon-
sidered was cardiovascular death. Patients who underwent
coronary bypass surgery were not included in the analysis.
Statistical analysis. Data are presented as mean ± SD.
Statistical significance was tested using either the paired
two-tailed Student's t test (continuous variables) or the chi-
square analysis (discrete variables). Difference in the sur-
vival rates was tested by the log-rank method (7). A prob-
ability (p) valueof less than0.05 was consideredsignificant.
Results
Patients were classified into two groups according to the
presenceof anginaduringexercise testing. Group I included
244 patientswho experiencedmoderateto severe chest pain
during the exercise test and 25 patients who reported only
mild chest discomfort, while 204 patients who had no such
symptoms were included in group II.
. Clinical features (Table 1). There were 253 men (94%)
in group I and 195 (96%) in group II (p = NS). The mean
age was 56.8 years (range 34 to 66) in group I patients and
Group I Group 1l p Value
Control HR (beats/min) 70 :!: 13 72 :!: II NS
Peak exercise HR (beats/min) 121 :!: 20 128 :!: 20 < 0.05
Control SBP (mm Hg) 138 :!: 24 140 :!: 22 NS
Peak exercise SBP (rnm Hg) 176 :!: 26 175 :!: 36 NS
Peak exercise RPP (mm Hg x beats/min x 10- 2) 199 :!: 45 223 :!: 54 < 0 .0 1
Exercise duration (min) 7.5 :!: 2.4 9.7 ± 4.3 < 0.0 1
Peak exercise ST depression (mm) 2. 1 :!: 0 .1 2.8 ± 0 .8 < 0 .00 1
No. of patients experiencing
VPBs during exercise 20 23 < 0.05
HR = heart rate; RPP = heart rate-systolic pressure product; SBP = systolic blood pressure; VPBs =
ventricular premature beats.
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One vessel disease
Two vessel disease
Three vessel disease
Left main disease
Ejection fraction
Left ventricular end-diastolic pressure
(rnm Hgj
Group I
42 (16%)
79 (29%)
14R (550/<)
20 (7.4'/')
0.53 ± 0.12
15.4 ± 6
Group II
30 (15%)
60 (29%)
114 (56%)
II (5.3'/')
0.50 ± 0.12
17.6 ± 5.7
p Value
NS
NS
NS
NS
NS
<0.05
52.3 years (range 36 to 68) in group II (p = NS). Class
III or IV anginal symptoms (Canadian Cardiovascular So-
ciety classification) were found in 161 patients (60%) of
group I and 24 patients (12%) of group II (p < 0.001).
Class I or II symptoms were seen in 108 patients (40%) of
group I and 130 patients (64%) of group II. Moreover, 50
patients of group II were completely asymptomatic and were
studied because they had a history of myocardial infarction
and an exercise test showing electrocardiographic signs of
myocardial ischemia in the absence of chest pain. Prior
history of myocardial infarction was present in 118 patients
(44%) of group I and 77 patients (38%) of group II (p =
NS). No difference was found in the two groups as to the
presence of hypertension (33 patients in group I, 32 patients
in group II) and diabetes mellitus (10 patients in group I,
12 patients in group 11).
Exercise testing (Table 2). In group I, exercise testing
was terminated because of moderate to severe angina in 244
patients, while ST segment depression greater than 3 mm
associated with mild chest pain or discomfort was the end
point in 25 patients. In group II, end points were ST segment
depression greater than 3 mm without chest pain in 173
patients, exhaustion in 27 patients and dyspnea in 4 patients.
Control heart rate was similar in both groups (group I,
70 ± 13 beats/min; group II, 72 ± II beats/min; p = NS)
as was control systolic blood pressure (group I, 138 ± 24;
group II, 140 ± 22 mm Hg; p = NS). At peak exercise.
heart rate was higher in group II patients (group I, 121 ±
20; group II, 128 ± 20 beats/min; p < 0.05), whereas the
systolic blood pressure was similar in both groups (group
I, 176 ± 26; group 11,175 ± 36 mm Hg; p = NS). Group
II patients showed a significantly longer exercise duration
(group I, 7.5 ± 2.4; group II, 9.7 ± 4.3 minutes; p <
0.0 I), with higher heart rate-systolic pressure product (group
L 199 ± 45; group II, 223 ± 54 mm Hg x beats/min x
10- 2; P < 0.0 I) and more pronounced ST segment depres-
sion at peak exercise (group L 2.1 ± 0.1; group II, 2.8 ±
0.8 mm; p < 0.00 I). Ventricular ectopic beats C::: IO/min)
were observed during exercise in 20 patients of group I and
23 patients of group II (p < 0.05).
Coronary arteriography (Table 3). Among the 269
patients of group I, 42 had one vessel disease, 79 had two
vessel disease and 148 had three vessel disease; left main
coronary artery disease was also observed in 20 patients.
In group II, coronary arteriography showed one vessel dis-
ease in 30 patients, two vessel disease in 60 patients and
three vessel disease in 114 patients; involvement of the left
main coronary artery was found in II patients. The extent
of coronary artery disease was not statistically different in
the two groups of patients. Average ejection fraction was
0.53 ± 0.12 in group I and 0.50 ± 0.12 in group II (p =
NS) and left ventricular end-diastolic pressure was 15.4 ±
Table 4. Clinical and Angiographic Findings of Medical and Surgical Patients in the
Two Groups
Group I Group II
Medically Surgically Medically Surgically
Treated Treated Treated Treated
(n = 156) (n = 113) (n = 156) (n = 48)
Age (yr) 57.4 ± 5 51.5 ± 7* 53 ± 7 51.5 ± 7
Hypertension 21 12 (11%) 27 (\7'7c) 5 (\0%)
(\35%)
One vessel disease 26 (17%) 16 (\4o/c) 25 (\6%) 5 (\0%)
Two vessel disease 35 (22%) 44 (39%) 49 (31%) II (23%)
Three vessel disease 95 (61%) 53 (47%) 82 (53%) 32 (67%)
LVEDP (rnm Hg) 15.1 ± 7.9 15.6 ± 6.1 17.6 ± 68 16.6 ± 5.8
Ejection fraction 0.53 ± 0.13 0.52 ± 0.14 0.50 ± 015 0.51 ± 0.10
*p < 0.05 medical patients versus surgical patients of group I. LVEDP = left ventricular end-diastolic
pressure.
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Discussion
Incidence of exercise-induced silent myocardial isch-
emia. Exercise-induced silent myocardial ischemia is a fre-
quent feature in patients with coronary artery disease
(1,2,8-13). We observed such a finding in 43% of our
patients. This is very similar to the 44% incidence rate found
by Weiner et al. (12) in 146 patients with angiographically
proved coronary artery disease and a positive exercise test
and the 47% rate reported by Berman et al. (13) in 102
patients.
We did not find any difference between the patient groups
with and without chest pain on exercise testing in relation
to age, sex distribution and such clinical features as prior
history of myocardial infarction, frequency of hypertension
and diabetes mellitus. However, there were more asymp-
tomatic or mildly symptomatic patients in the group without
angina during exercise. Indeed, 50 patients in that group
had no symptoms and were studied because they had a
previous recent myocardial infarction and subsequent ex-
ercise tests induced ischemic electrocardiographic changes
without chest pain. Absence of angina during a positive
exercise test is frequently found in patients after a recent
myocardial infarction (14-16). Of 210 patients studied by
Theroux et al. (14) who underwent a limited treadmill test
soon after acute myocardial infarction, 37 had ST segment
depression alone whereas angina accompanied ST depres-
sion in 27 patients. In addition, Starling et al. (15), eval-
uating 130 patients by early exercise testing after myocardial
infarction, reported that ST segment depression occurred in
42 patients but was accompanied by chest pain in only 17.
Clinical significance of exercise-induced silent myo-
cardial ischemia. Why exercise-induced myocardial isch-
emia is not accompanied by chest pain in some patients is
not clear. Our data show that in such patients the extent of
coronary artery disease is similar to that of patients who
develop angina during exercise testing. The only difference
we found was a higher left ventricular end-diastolic pressure
and a slightly, but not significantly, lower ejection fraction
in the patients who remained asymptomatic during exercise
testing. It is likely that in some of these patients left ven-
tricular dysfunction may have led to damage or destruction
surgery was performed in 113 patients of group I (45%) and
in 48 patients of group II (24%). The difference was sta-
tistically significant (p < 0.05). The clinical and angio-
graphic characteristics of medical and surgical patients in
the two groups are described in Table 4. No difference was
found between group I and group II patients in the medically
treated cohort or in the survival rates of group I and group
II patients in this cohort (Fig. I). Subgrouping of patients
according to number of diseased vessels did not result in
any significant difference.
6 mm Hg in group I and 17.6 ± 5.7 mm Hg in group II
(p < 0.05).
Follow-up. The mean follow-up period was 36 months
in group I and 45 months in group n. Coronary bypass
Figure 1. Survival curves of medically treated patients with (group
I) (dashed lines) or without (group II) (solid lines) angina during
stress testing. No statistically significant difference was found be-
tween the two groups even when patients were classified according
to the number of diseased vessels.
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of cardiac nerve endings, In other patients, however, dif-
ferences in threshold of central pain sensitivity or psycho-
logic factors might have been involved in the lack of sen-
sation of anginal symptoms (2),
Analysis of exercise test results in our patients shows
that those developing angina exercised for a briefer duration
and attained a lower value of the rate-pressure product. an
indirect index of myocardial oxygen consumption, than did
patients who reported no chest pain during the test. How-
ever, the latter patients showed more pronounced ST seg-
ment depression at peak exercise and a significantly higher
incidence of ventricular ectopic activity during the test. Our
findings are in agreement with the data of Jelinek and Lown
(17), who reported a longer exercise duration and a nearly
twofold greater incidence of ventricular arrhythmias in pa-
tients with coronary artery disease exercising to fatigue than
in those stopping because of angina,
Long-term prognosis of patients with exercise-induced
silent myocardial ischemia is still unknown (18), Cole and
Ellestad (4) found that the presence of chest pain during a
positive exercise test was a more ominous sign than its
absence, In that study, however. only 64% of the 295 pa-
tients who underwent coronary angiography had signifi-
cantly narrowed coronary vessels, Therefore, we cannot
exclude the possibility that the worse prognosis of patients
who had chest pain during exercise was secondary to a
greater incidence and severity of coronary artery disease.
On the other hand, Cohn et al. (19) found that 44 patients
with asymptomatic coronary artery disease had a signifi-
cantly better long-term outcome than did 127 symptomatic
patients with similar coronary anatomy and ventricular func-
tion. However, only 17 of the 44 asymptomatic patients had
a positive exercise test by electrocardiographic criteria and
could have been considered to have silent myocardial isch-
emia. In our study, survival curves of medically treated
patients failed to show any difference in long-term prognosis
between the two groups, even when patients were classified
according to the number of diseased vessels. However. a
greater number of patients with angina during the exercise
test (group I) underwent coronary bypass surgery because
of severe angina refractory to medical treatment. One could
hypothesize that group I patients would have had a signif-
icantly lower survival if all patients had been given medical
therapy alone. Although this possibility cannot be excluded,
recent data (20,21) do not support the assumption that se-
verity of angina is an independent predictor of prognosis in
medically treated patients with coronary artery disease.
Conclusions. Absence of chest pain during an exercise
test showing ischemic ST segment depression is a common
finding in asymptomatic or mildly symptomatic patients with
coronary artery disease. Although patients with a defective
anginal warning system may have more pronounced signs
of ischemia and a greater incidence of ventricular arrhyth-
mias during exercise, survival in medically treated patients
is not influenced by the presence or absence of angina during
exercise testing.
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